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APFEKDIX J 
AHIICHOLIME&GIC DRDG5 AMD THE EE<^ 

Thlt revittf cxudna* tbe cfftctiof Anclcholinerglc coqpound* 
OD the huDun ctatral ittrvput ■yatsn, Id relAtioQ to their allltiry - 
testing. Such cdinpouE^* UAre tsstej In volunteerA za define their 
role BB IncspacltAtlDg agentB for military use. The questloii 
presented ij, whether, *■ teited, the cbenlcal* ere lllc«l/ to produce 
Adverse beelth effects or delayed sequelae In the ttec subjects^ or 
whether It Is possible even to predict- that iLkellhood Thia review 
focuBei on the date derived froD eleetroeocephfllQgrephy. 

The data Include protocols of ntlit«T7 eKperluenta d^cleaslfled 
for this revlev, reports published in the scientific literature on 
aDliaals and man, and my ovn atudles. Betveen 1936 end 196b, 
experiments were undertaken In ay laboratories in Hev York and St. 
Louis to define the effects of anticholinergic drugs on brain 
function and behavior- tta sought to determine whether any of the 
subHtaoces had persistent behaviarsl effs-cta that could be useful In 
treating the severely sentally 111 (1~7) . 

Atropine and scopolaaioe (hyosclae) sre prototypic 
anticholinergic compoucda. Their affecta are princifially 
ant imu scar inic. Compounds usually classified with tneie prototypes 
ere those ussd in Che tceataeut of psTkiDSOolsm^-such ee 
prDcyclidine (KemadrlaJ, be attropine mesylate CCogenr.iiiJ , sad 
trihexyphenidyl (Artine)— and such aadlcioals as glyczopyrrolete 
(Boblnol) and methantbeliae.C^Q^^li^) • Such experiiwntsl 
anticholinergic compounds aa Dltran, JS-329, JB-336, and UIK 2299 
are included In tbe same class. In some studies, particularly EEG 
studiss Id pacients, the tricyclic antldB pre s sane s inlpramlTie sod 
anltripCyllne have bean shovn to havs atroplne-like properties. 
Electroencephalography developed from studies published in 
1929. In the early studlest changia war* assessed by visual 
inspection of tnk^tfrtttan records. Thaaa have aince been replaced 
by electronic and, lately,, digital computer methods of quantitative 
analysis* 1!hsse methods provide excellent aaseasiunts of BLinimal 
changes lo brslo function in man. Uof ortuoately , the military 
reporta are limited to inspactioo. 

LITERATURE REVJEtf 

The effects of aati cholinergic druga od brain fuiiction have 
been studied extensively. CHS effects In mec are def:Lned 
principally on the baala of sslf-reporte , observer evaluations. 



*Departneae of PsychiaCr? and Behavioral Scieuces, School of 
Medicine, State Uaiveralty of New York at Stony Brook, Long Isleud, 
Hew ^ork 11794. 
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neuropsychologic teeta, and physiologic measures- Of rhese , the 
EEGt especially la Its preseac quantitative Eocm, le a een^Eriive 
Index of chaag«« to CNS activity, with particular relevancy' r.o luiniaD 
perforaaoce and states o£ vigilance (6,9). 

Anticholinergic drugs hava well defined effects on the EEC, 
accompanied by measurable behavioral efferta. In mast drug studXea, 
EEG pattcroe carrelate well with behavioral changes- Studies of 
Atropine In animals, however, elicited reports that chelr EZG showed 
increased amplitudes and louerlng of frequencies ac times when the 
anlmali were apparently restless* Animals examined in haitera ofcen 
exhibited running movements, but their EEG patterns were alrnHar Co 
those seen In deep sleep (IDJ • The apparent purposeful oioveiiLents 
associated with "sleep-like'* ZEG records led some observers to 
define an "EZG-behavioral dissociation" with antichDllaerglc drugs 
(1, 11-15)* In studies of psychoactive substances in man, we and 
others found a close relationship between the changes in EEG 
patterns and the behavioral effects of drug admlalatracion (G)- The 
difference la observetioiu between animals and man led to a 
symposium In 1966 that summarised the data available to that time 
(1)* The sympoBtum partldpanta concluded tliat the apparent 
'dlssociatloa** la EEG and behavior with anticholinergic drugs was 
limited to observations in aaimals and was an artefact of the gross 
nature of the measureH used In anioal trials, rarely, the inability 
to assess changes In cognicion^ vigilance, mood, and affect (which 
are principal targets of anticholinergic drugs). 

Anticholinergic druga have a characteristic! dose-related effect 
on brain function, and particularly on the resting, alert 
scalp- re corded EEG (3,4,5,7,16-27). 

Lou doses, such as 1-2 mg of atropine, are sufficient to Induce 
mild tension, irritability, and anxiety. The subjects are aware of 
changes In their perception and mood, and they make errors on 
cognitive tests. At these times, the EEG patterns eKhlblc an 
Increase In high frequencies and decreases in the neda alpha 
frequency and In the amplitude of the domlnani (alpha) frequenciea- 
These effects may be accompaoled by a d ecreaae in heart rate aud 
some minimal effects on salivation and skin conductance (23, ^9). 
With higher doses, such as ll>^30 mg, or repeated adminlstratlona, 
the subjects become delirious, shoving restleasneBs, Impairment of 
motor and sensory functions, cognitive defects, Illusory sensations, 
and thought disorder. Including hallucinations and deluaiona* Heart 
rate is Increased, and the peripheral effecta of dry mouth and skin, 
decreased urination, and difficulty in near vlalon are prominent. 
The EEG shows an Increase In slow waves, a decteaae in mean 
frequency, a decrease In the percent time and acaplltudes of alpha 
activity, and an increase in. the high f requenciea ^ vhlch can be seen 
to be "riding" on the slow waves* There is a ^tirect association 
^ between the amount of EEC fast waves with behavioral reatlesaness 
and the amount of ESG slow waves with stupor and cognitive defects. 
AC "toxic" doses, patients are In stupor or coca, ulth rapid heart 
rate and lousrsd blood prsssure. The EEG demonstrates persistent 
high-voltage slow waves, with a minimum of alpha and high 
frequencies. 
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Id ftpll«ptlc pAtltnta, «lQgI« Intruiuscular •dnlnlBCrflClace of 
Atropine «t up to Z ag/ltg (30) and 1*2 mg of iatravuDouH hyQ&cioe 
(24) tllclt«d epileptic apikc EEC Activity. Th« chaogeB ver« 
tranBlcnti And the record* «ad behavior ot the paciuncv returned to 
normal vlthln 24 h. 

££G and behavioral effftcta aa; be nodlfled by the concurrent 
admlnlBtraclon of other drugB. Thui, atropine (or Dltran) and 
chlorproDaslne resulted In behavioral atupor that vea very deep 
(allovlng aurgery Vlthout pain reaponaei), accODpaoled by perBlstent 
EEC high-voltage alow vavea and dacreaeea In fast vaves. When ' 

Ditran and yohimbine or Dltran and Iblpraiolne were given together, 
restleatneBi litcreaaed, a* did the ratlD of fast waves to alow waves 
In Che EEC. When patlente who exhibited a toxic delirium to Dltran 
or acropln* vara given tBtraL^droaalnacrlD (T^) , the itupor vaa 
relieved and the EEG ahoved decteaaea In both the lev and high 
frequenclaa (1,7,31)- 

After acute admlnlatratlon of varlo-ua compounds, the tlae for 
recovery varies vXth doae'—^C lov doaes, the peak effects on 
parenteral adolnlatraClon are seen In 0.5 h and last foe up to 6 h; 
at high doees, the effecta perslat for up to 24 hi at toxic doaes, 
there la a return to beaellne valuaa the second day after 
administration* Follovup EEG data are Limited^ the prlntlpsl data 
being reports of atropine toxicity. The few statements abouc SEGs 
Bugggest that the effecta are gone vlthln a few days of the last 
exposure <32-37>- 

In studlea of Inlpranine, some patlants developed an acute 
psychotic reaction. Iheae patlenta ver« identified as being young 
and as es^dbltlng a "acblzophrenlc*' syndrome — en observation that 
led to adBtoistcatlOD Of ialpranlne a* « teat of "schlEophrenla'' 
(2,38). 

Although no long-tem EEG study of anticholinergic drugs Is 
avellablei one atudy of choline st erase Inhibitors oay be cited. 
Duffy et al . (39) reported peralatent quantitative differences In 
EEG patterns between vorkera expoaed to the organo phosphate compound 
sarin and a control group of vorkera In the same plant not so 
exposed • 

MILITARY DATA 

The principal allltary data on EEG studlss arr In the sumiurlfrB 
provided In Cage Report Suoaarles - Anticholinergics, and an 
addendum provided In a latter by Dr. Frank Karxulli of October G, 
1961< ^la latter auamaiy Included all tha uaeful EEG records cited 
In the fonaal protocols of the military studies. No EEC records 
vere found of subjects receiving atropine, scopolamine, EA 3443, or 
Zk 3167. Of the available records, five were related to BZ, two to 
EA 3530, end one to EA 3634. 

The reports stated that the pretreatment records were within 
normal llmita and the postexposure racordat taken et various tlaes, 
were also uithin noraal linlta. The records were asiessed 
visually. Tbc reports did not atate the conditions of testing, nor 
Is It clear how long after exposure the testing was done. 

These records were customary for the time and reflected 
nonopeolflc effects that are similar to those reported for many CNS 
active coapounda. The reporta did provide nenropsychologlc-test 
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daCAp hovavcr, vhlch itidiciCa that: the effects af expoaurea to the 
ancichollaarglc Bubatance* ou the military voluatepra vere 
trAnileaCi rav«Etliig to baitlliM vilues vithin a feu hours or, Id a 
few tests repeated at longer Intecvala, within a few weeta (iiO-i9. 
In other studlee of the relationship between the chao^ee Indkjced 1q 
EEG end In neuropaychologlc tests by CNS-actlve druse » ^hetre ua& a 
parallel Id the oasac and duration of the elfacta In the different 
aeasures. Arguing by analogy^ ve would anticipate aimllar 
reversions to normal for the EEC changee in these valunteera. 
Copcluaions 

Id the experiDents la which patleata and normal valuuteers were 
expoaed to single or aultlpla doses of anticholinergic druga, a 
coneistent psttera of EEC and behavioral change haa been deacrlbed. 
Id aoaC voluDteer studies, doses have been lav, expoauree usually 
■iDgle, and effects tranalent* There is no evidence of perslBtence 
of behavioral or EEG effects 1q these eiperirueDta], trlale C^O)- 

Id patieDts who have been glveo heroic doaea of stroplne and 
scopolanine (up to 250 mg) and tn whoa the doaea have often been 
repeated three tlmea a week for up to 4 mo, there have been feu 
signs of peraiitent toxicity- The patients have been subjected to 
perioda of coiu lastlDg up to a d-ty- Death tian beea reported la 
only one Instance. In oany pattenta, the peraiatent affects have 
been considered sslutsry—lte* , t.he patients have been considered 
ijnproved In iMntal state and dlacharged to the cDoimLinlty! In the 
reaalnder, they have been reported to be no worse r.han before 
treatasnt. Considering the inany hundreds of patleiita ao treated and 
the continuation of this font of therapy in patients in eastern 
Europe today. It la unllkaly that there la a behavioral syndrome of 
toxicity* 

Focusing exclusively on the ant 1 cholinergic properties of the 
drugs exaalned la allltar? volunnesra, conafdering the lou doses 
used and the odoloal exposures, and aware that heroic dosee of 
anticholinergic druga (iciexpllcably) fail tc< etimulaCe a defined 
tozlc syDdronaj ve deduce that the single enpoaures of doaea of 
a at! cholinergic drugs used In tha voluDteers were insufficient to 
■tloiulate a persistent toxic ayndroae- The data available are 
sufficient to conclude that, as tested, the chemicals are not lllcely 
to produce adverse hesltb effects. 

For a aore definitive concXualon, a prcapectlve atudy or a 
atudy slnllsr to that reported by Duffy £t al. . (39) in parlclnsonlan 
pstieDts or industrial workers exposed to antichDllnetgicB la 
required* 
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BIOCHEHICAL ASPECTS OF AKXICHOLIHEECIC CHE^CALS 



i - 



J6hn J. O'ltetll, Ph-D.* 



There have been feu publlihed ttodLes— ^n eji:uapl« la that by 
Jovlc aod Zupaoc (1)-- od the biochemical mechanlauH Aaaoclated ulth 
qulnudldinyl bemliate (B^). A mejor etcrlbute of atropine, 
scopoUalne, and other anticholinergic covpounde Is their ability ^to 
InteTacC vlth poetaynaptlc Duscarlnlc binding altue. It 1» through 
■uch en action on amooth buade that "our Ideaa about fiZ and other 
potent anclcbollnerglc* have daveXoped. A property cDnDaoa to all 1b 
a high affinity for auacarlnlc receptor eltes (Kq « 0,05 - 0.1 x 
10"^ H)* A regional etudy vlth [%J?Z of binding capacity la 
hlppocampua, frontal cortex, and caudate nucleus of huaac brain 
ahovad (2)j sioall decreases In these areas In Huntington's thorta 
patients as compared vlth normal human brain. Atropine aad BZ ver« 
alike In binding capacity to theae altea. flecaustr of the high 
affinity of fiZ for muscarinic receptors, YaoifliDijra and Snyder (3) 
were first to show its binding to poataynaptlc alteB, but failed co 
find evidence of presynaptic sitaa In the CHS. The euggestlon by 
Polak and Heewa (A) that the locreaasd. teleaae of acetylcholine Iti 
viva could be accounted for by blockade of "presynaptic" nuBcaElnic 
receptors therefore requires another explanation. 

An sarly finding by Saclctor (5) is that acetylchDllne (e.6 x 
10"5 H) IncreaaeB phoaphacldyl-L-ierlnc, as u#ii ^e 
phosphoinoiltlde and phoaphatldic acid* in addition, atropine (1-6 
% ICr^ M> and BZ (7 k 10"^ H) blocked the AQi-atimulated 
incorporation of ^^FO. Into phoaphoinQaitldea, but atliLulated 
incorporation of labeled phosphata Into phosphatidyl serine. This 
suggssts that, although events ralated to Buscarl:tic receptor action 
are blocked by antimuacatlnlc drugs, other actlona nay be 
stiaulatad. It la knoyn that calcium lona activate phoapholipaae-C 
and Btimulate the turnover of phospholipids, such as 
trlphosphotnositldesj in cvcitsble membranes* Calcium Ions have 
diverse functions in tba regulation of cell function. They are 
requlrsd for the releasa o£ acetylcholine £6) In neuromuscular 
transmiSBloo and they Influence thteahold and other attributes of 
CK5 action potentials. It is catlmated that Intracellular "lonixed" 
calcium is lov In neurone (about 10~7 h), a small rise In 
Intracellular calcium will produce a sharp rise in K^ conductance, 
hypirpolarizatlouj and depression of axcitabillcy . The cXowed 
excltatloD of central neurons by the auscariolc actlona of 
acetylcholine may bt countered by anticholinergic drugs and thus 
account for many nf the central effects of BZ in volunteer! reported 
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by KeCchun (7) and by Sldell (3). Host ptoolDeac fimong theae are 
aomasla, coofualoD, and dlBorlancaEloa laecing 2 to ^ d . Although 
the cffecta of BZ a.r« qualitaClvely slDillAr Co the phanoacDlaglc 
a[!Cio(ia of 4CroplQ« and acopolaadne, the poteocy and eepeciaily the 
durACloa of acClou of BZ are considerably greater. That aituatlor. 
la vecy likflly related to properties other than the binding 
affinity, which is about the same for all these L^onpouads for the 
muscarinic receptor (Kp ■ 10"^ H)» 

The Tt -bond properties of qulrujclldlnyl compounds probably 
account for their "sticking" to tlaauc constituents for long 
periods* Etperliieatally . a S-vi^/kg doae of radiolabeled BZ 
prevented auditory atlmuli for 7-S d^ but labeled drug uaa hardly 
denectabls In brain after 3 d. Unfortunately, the only thorough 
study waa that by Goaselia e^ al^* , (9), on [^^C] atropine, ao 
diracc coapariaoaa are difficult:. Although atropine abuse with 
2,5-diDethoxy*4-ethyl amphetaaioe (STP) has been reported (10), nhe 
nuaber of "bad Crlpa" nade its popularity short-lived. The abaence 
of further reports on abuse of <atroplne-lilce drugs suggests that 
their abuse by the volunteers In question doea not cnnstlcute a 
long-~t<riB problem* 

Administration of atropine or acopolai&lne to animals increases 
acetylcholine output from the exposed cerebral cortex (11). This 
has led to the hypothesis of a direct effect on preaynaptlo 
DUBcariolc receptors that regulate ACh release- Tht? finding of 
release vhen Ca^'''*free Ringer's solution is present (121 led to 
the suggestion that luteroeurons are more sensitive to a local 
decraase In Ca^* ions thaa the cholinergic nerve endln^a whose 
release they modulate. Altemaclvelyt the ability of BZ, Ditran, 
and other anticholinergic drugs to cause the relesae of calcluni fcoia 
iatraaeurooal binding sites (13) could aXao explain the in vivo 
obssrvstiona* Tha rolt of Ionized calcium la the release of ACh In 
neuroausculst and aiectroplox preparatlona la well i^haracEerized. 
It is persuasively argued that, whan ACh emerges froici s terminal, It 
baa to pass through soma sort of "gate" that is s Ca^'^^-dependent 
chamial; tha "gate" is note Ilka ly to be open when the terminal is 
depolarized* The auggeation that control of AOi release Is at the 
laval of calcium displacement by BZ Is important, because ii Is the 
Ca2+_de pendent property of "anclchollnerglc" druga^ and not their 
antlmuscarlnlc acclona, that avplaina why BZ and Dltran are much 
more active than atropine centrally* They appear to be equally 
effective peripherally, uben compariaons are based on affinity for 
muscarinic binding eitaa. 

CslcluB ion contents can be regulated by any of the nejiibrane 
systems that ara In contact vltb tha cytoaol* e.g.* plaaiaa membrane, 
endoplasmic reticulum, and nltochondrlal Inner memhraciE. In brain, 
mitochondria are in the highaat concantration at nerve terainala and 
repteasnt the major supplier of cellular energy (ATP)^ Mitochondria 
can take up Ca^"^ ions by an energ^re quiring process and release 
fraa Cs^'^ In exchange for Na*^ looa. Tha high capacity of 
isolated brain mitochondria to transport Ca-^* ions haa led to the 
suggestion of a significant role for this organelle in ionic 
homeostasis. Tha early observatlona on energy metabolism 
dsooostrstsd that Dltraa and BZ aalactlvaly Interfered with the 
Incraaaad anargy naads In vitro of depolarlzad cerebral tissue. In 
contrast, atropine and scopolamine were either without effect or 
active only at much higher concentration- In the presence of 
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iaolatad brala nltochondrla, DltraD (Jfi339) v«s ahovn to interfere 
ulth ATP production (13). Calcluo r«C«atlOD by bralu nltochoadrla 
I0 loflt vh«ii «a«rgy gaotrstloTt (ATP) ii interfered vich (14)* The 
elgnlflcftnc« of these and. other studies li that BZ and DLtran are 
quantitatively different from the leai-potent atropine and 
Acopolamlne- A selective action on Ca^'^ channels by HZ and Dltran 
on particularly vulnerable neurons would explain tho unevenness in 
the correlation between the receptor-bindlofi properties and 
behavioral alteration by aDtlauscarlnic compounds in anliaals and 
■an* 

COfJCLUSIOK 

Reports Of biochemical affects of' anticholinergic compounds 
contain data on aolBials and aay or may not penolc exErapolBtiou to 
nait. Thare is tvldencs chat the actions Of qulnuclidlae derivatlvea 
are longer-las ting and th« limited netabollc data available suggear: 
that th«y may be ratained in tlsauea for a longer period. 
Peripherally^ the benxllates are acatylchollne antagoDlsta with high 
affinity <lov KDs). They bind reverslbly to muacarlnLc receptors. 
Centrally, however, their actions are more complexi aid 
pharmacodynatalc and phanaacoklnetlc properties play «□ esaentlal 
role. The available evidence Is not entirely convincing that their 
basis of central action is through postsynaptic cnuecarlnlc receptor 
binding, and their presynaptic role In calcium metabolise] muBt be 
seriously considered* Ultbout norbldlty datSi our prt^aent 
biochemical information cannot help to predict long^-teroi effects of 
exposure to anilchollDerglc ageoti. 
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APP2H0IX L 

SmUCTUEE-ACTlVlTY EfiLATlONS OF THE CENTRALLY ACTIVE 
AHTICUOLIHERGIC AGENTS 
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The ■ttuccar«-«Gi:ivlty relatlaashlps of a large number aad 
varlecy of antlchollnerglca have been deacrlbed In several revlevn 
(1-3), BTid only the general features vlll be described here- The 
main difficulty In cwaparlne chemical * true ture vich 
pfiychopharmacologic potency la that uaequivocal behavioral 
aeaaurementa of potency Are deficient* Although aom? 
anticholinergics havv be«n evaluated for their psychotomiDietlc 
potency In man (2, 4). the coBparlBons are based largi?ly od a battery 
of psychophacBacologlc veasurea in anlinals, Including; hyperactivity 
(5), svtn nace C6), characterlBtlc ejiploratory head DioveineaEB (2)» 
and operant conditioning (7-9). The IIdlI tat ions and reliability of 
these cooparlaona have been dlsouaacd elsewhere (3)i and they do 
permit generallzatlona concerning the relative ability of the 
anticholinergics to produce behavioral dlaturbancea In animals that 
may reflect psychotogenlc potency in man. Structural vsriatlone in 
the heterocyclic solno alcohol result In narked changes in potency; 
the DOSE potent anticholinergic is 3-^uinuclidinyl ben^llate. with 
Its rigid confoxaatlon <Flgure L-l)» 

With respect to the acid noiety of the antlcholl.ierglcs, the 
follobing structure-activity relationships are found: 

As ^2 1b Increased from nethyl to higher alkyls or becomes 
t^drogen. alkenyl^ amino, or aminoalkyl, psychotropic potency 
dlDlnlehes without much effect on ptttlphecal antlcholj-aerglc action. 

1^2 should be an unsubstltuced phenyl group, vher^^se R^ uust 
be either a cydoalkyl, ali^nyl^ thlanyl, or unaubatituted phenyl. 
Allcyl, aryl| hallde, or hydroiiyl substltuenti on the phenyl ringa 
abolish central action and diminish anticholinergic potenny. K2 
and R3 csn also be replaced by hexahydrofluocenyl (1D)> 

o As "n" is Increaaed beyond 2 or "Y*' beyond zero, 
psychotropic t but not anticholinergic, potency decreaaesp The 
position of the aster side chain affects central, but not peripheral 
action, with the 4-piperldyl ester being most potent, the 3-eBter 
second most and the 2-^star least. 

o R4 Bust be a hydjoxyl group, vheraaa compounds with 
hydrogen or an Isosterlc nethyl group are devoid of central action 
and have diminished anticholinergic actlo-o. If R4 is hydtoe^D and 
the h/droxyl group Is present on phenyl, central potency is retained 

The duration of the psychotropic action of the various 
anticholinergics depends both on the type of heterocyclic amino 



^Profeaaor, Center for Brain Research, University of Rochester 
School of Medicine and Dentistry, Bochescec, Hew York 14642. 



L 1 



group and on R^ and K3» The qulnudldlnyl and pyrralldyl amino 
darivatlves tend to be Longer-acting than plperldyl, tropanyl, ar 
granatonyl; a cycloaliq'l group in Rj or R3 prolongs duration. 
An alkynyi grogp In R2 or R3 decTeaaea duraclou, whereas 
Increasing chain length or branching of the alkynyl group 
correapondlcgly tncr«as«a duration. 

STEHEOSPECIFICITY 



The anticholinergic glycolate eatera of hfterofycllc amino 
alcohols, locludlog acopolaoiine and related oaiural alkaloids, e^ist 
as optical Isooerai reaultlng froa the aaysm«crlc C of both the 
amino alcohol and acid Toolety. Of the two enaikCloiiiere of 
3-d ipheny Lace tyl qulnuclidlne, tha (-) laoner had 25 tinea the 
antl opasniodlc potency of the (+>' laomer; however, the isomers were 
of equal toxicity, whereaa no dlffereoce in antlapaamodlc potency 
waa noted betueen the tvo Isoinera of the quaternary derivative of 
3-qulnuclldlayl beozllace (11)- Wlch respect to chelr central 
action, the i+) and (-) eftaatlomers ^ which uert prepared from the 
reapectlve qulnucLldlnola reaolvad with (+)-cai]]phor-lO-aulf onic acid 
<11), dlffar Diar^dly In potency (12,13). the (-) Isomer was 
reported to hava about 20 tlmaa the potency o£ the (+) isomer In 
producing ataxia in doge (12); houever, vlth the use of more 
elaborate behavioral measure [Aents la cata, the potency difference 
vaa In excess of 100-fold (13). It Is conceivfi.ble that the (+) 
laomar of 3-qulnuclldlnyl beiuilate Is devoid of activity on the 
central nervoua systea, and the alight activity observed may be 
attributed to a XX contamination by the (-) iaomer. 

gPHPABXSQH OF AKTHAL AND tfUMAH DATA WITH VARIQIS AJfTICHOLlMERGIC 
DRJGS 

In general, there Is good agreement betbetu the relative 
pharmacologic pot<Qcy of various anticholinergic psychotomimetic 
agent* la finlmals ^nd that In humana. The comparison la applicable 
to boEh central an4 peripheral effects of the antlchollnergica and 
to their dutatlou of action- TablA L-1 aummarlzes the data obtained 
on Che £dgetfOod volunteers vbo vera given a aingle dode of an 
anticholinergic agent* Central nervous ayatem (CNSJ potency and 
peripheral antlauscarinlc potency^ are expressed on an arbitrary 
scale of 0-10, with 10 beings, tba most potent. Moat of the agenta 
used vera of comparable peripheral aatlmuscarlnlc poteacy, vhereas 
the CHS potency extended over the whole range. 

The cms data In Table L-l can be summarized as follows. BZ and 
other qulouclidinyl glycolatea containing at least one phenyl and a 
cycloalkyl group In the acid dolety uere the moat potent and had the 
greatest duration of actioui Hie corresponding piparidyl glycolates 
' uere one-flfch to ooe^ia If as active as the qulnuclldiayl esters. 
It can ba concluded from such atructure-actlvity studies, which are 
based on extensive : pay cho pharmacologic stests in both animals and 
human volunteers, that BZ Is the moat repreaentatlve of the most 
potent anticholinergic*. However, atropine and methylatroplue are 
the most representative of the relatively inacclve anrlcholinerglca 
and could aerve as control drugSi particularly because atropine Is 
equlpotent, although of shorter duration, to BZ in peripheral 
anttchollaarglc effects* 

, - , '-'1 
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SITES OF ANT I CHOLINERGIC ACTION IH BRAIK 

Studies bav« b«en perfonavd on tb« T«gloTial aad cytoplaacnlc 
dlstrlbuclon of hlgh-afflolCy r«dlolab«led ancichaliaBrgica In 
bamnallan brain (14,15)* !□ monkey brain, the n-glooal dlBtrlbution 
of I^H]3-qijinuclidipyl benzilat« vai found to correlate veil vlth 
other cboUnerglc meaAurea, such as [^HJchollne uptake, choline 
ac«tyltran8f «raie , and AcetylchoIlnflStcraae (16). By far the 
higheac level of all four paraaeters vas In th« putfimen and caudate 
nucleua. The cerebral heibiepherea, anygdals, and hippocampus 
contained about half tbe concentTatlon of the beazllat?, but the 
other concenttationa vere Bmall fraction* of tho&e in the caudate 
nucleus* ^art from the caudate nucleua, the correlacion beTiween 
the distributlou of the auEi cholinergics and the Lneaaures of 
cholinergic function uae not Impresalve* By determining the extent 
to which [3ii]3-^uinuclidlnyl beiullate binding was diminished by 
pretreatnent of rats with atropine, the degree of Bpecific binding 
of the anticholinergic can be determined in various brain areas 
(16)- It appears that^ although a correlation vat found Id some 
brain areas (e.g., the caudate nucleaa,) between the dlatfibution of 
the anticholinergics and other oeeaaree of chollaerEic action, the 
binding atudiEs do not permit the couclusiou that the drugs' 
distribution is an accurate reflection of the pattprn of muecarlnlc 
cholinergic receptora in brain* 

The binding of I ^H J -anti cholinergic a to tifisue preparations 
after leelone are produced in specific brain areas 1b another means 
of meaauring specific receptors for the autlchollEiergicB. If nerve 
terminals of the cholinergic afferent* to the hlpponaapua contain 
muscarinic cholinergic receptora, as auggested by pharmacologic 
studies (17,18), then lesions in the septsl-hippocampal cholinergic 
tract should reduce the drugs' blQdtng~<-a connlualon that was 
experimentally verified (19)* 

COKPETITIOa BETOEEH BEHAVIORAL PQTEHCY AMD ItflCEPTOK AFFINITY 

To determine vhether the centrally active anticholinergics bind 
to a physiologic receptor, an atteznpt vas asde to correlate 
Inhibition binding conatanta of the various anticholinergic sgenta 
with their psycho pharmacologic potency (20). Such a correlatloo 
betueec behavioral end binding data has been attempted with a series 
of 14 glycolate esters (Figure 2). A linear relation vas observed 
betbeen the behavioral data and the logarithm of the inhibition 
constants for bludiug* The behavioral data vere talteg from 
previously published accounta and are expressed quantitatively as 
BDI (behavioral disturbance Index, or BDI (21). From the evidence 
presented in this study, it can be concluded that 
pHJquinuclldinyl bencilate bifida to a Duacarlnlc site in brain 
that le Involved In producixig the behavioral disturbances elicited 
by the glycolate esters- Thla conclualon is based or the lew K^^ 
the satacablllty and atateoapeciflclty of binding coELpetltion 
studies, and especially the reasonable correlation observed between 
behavioral and binding data (Figure 2).. Although the correlation 
can be useful in predicting the behavioral potency of new glycolate 
esters, on the basis of their Inhlbitiou constants^ there are 
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notable ejiceptloiu, uuch as atrgplncj ocopolamlne, and compound iv. 
All three druga had very high affinities foe -he I^HJqulnviclldlnyl 
beozllata bindlag aite, buc their behavioral poteociee uere 
relative? low. They all concaln heterocyclic ring ayatema other 
than pipcrldlne or qulauclldlae. In a prevloua study, In an attempt 
to correlate th« behBVloral potencies of a serlea o£ glycolates ulch 
aoQt pt^alcal coaataata, the correlAtloa tended to he axcellent for 
the quinuclldinyl and plperidyl eaten, buc not for rhoee h£vli:i£ 
Other heterocyclic aiolao rloga, auch aa tropanol and granatonol, 
HoweTer^ as excallaat corralatloa waa obaerved betveca affinity 
conataata and tha ability of the anclcholinerj;lcd to block the 
a cetylcho 11 nfr' Induced contraction of Ileum, the corcelaclon being 
independent of tha type of hatarocycllc amino ring (20). 

A compariion of the receptor binding affinlclea of the two 
optical laostra of 3-quinuclidinyl benzilate levcala that the (-) 
laooer haa about 50 tines the affinity of the (+) iflonet for a 
aynaptlc^aembrana preparation froin rat caudate nucleua 
(unpubllflhed) • It bad been raported that the (-) isooier had only 20 
tlaaa tha affinity of the (+) isomer for a neural -Qiembrane 
preparation froA whole rat brain (20). The rfaaana for the 
dlfJferance may be that caudate nuclaus contains fi greater 
concentration of cholinergic receptors and that a puriflad synaptic 
meabrane praparatlon vaa uaed In the latar study. The relative 
blading aftinltlea of the two laouara however, still had less than 
the 200:1 potency ratio found in the cat behavioral teat (22)- A 
plaualble explanation is that the specific neurons asaoclated with 
the behavioral dlaturbaDcea of the drugs may have a greater degree 
of binding stereoapeclf icity than that exhibited by membraiie 
prepar«tloaa from either wholt brain or caudate nucleus. 
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TA£LE 1 
StruCtur*-AetlTlC;? Data oa AAtiehOllavrKlcH la BmuQ VoluTiCreri 



" .|>aie DuTAtloa of FoceTvy* t^o- 



Codo Hane 


5-8 


ff»ct, h 


Ptrlph«rAl 
10 


10 


»ub^«ctB 


BZ 


45-96 


354 


22,608 


1-2 


48-72 


10 


10 


21 


£A 31&7 


3-4 


48-120 


10 


10 


24 


301,060 


3-5 


4a-l20 


10 


9 


29 


CS 27349 


7 -a 


6-24 


10 


5 


50 


302,282 


7-14 


fr-12 


10 


4 


8 


EA 3580 


4-37 


12-48 


8 


3 


136 


EA 3443 


4-60 


24-46 


8 




101 


302,196 


22-54 


4-10 


8 




56 


ScopQlADlDe 


4-16 


6-24 


10 




637 


302,537 


4-6 


6-24 


10 




18 


DltrdQ 


100 


13-24 


10 




12 


£A 3834 


3-24 


L2-24 


9 




171 


302,668 


13-lfl 


12-48 


8 




39 


Atropine 


1-70 


12-24 


10 




602 


BenActyElEiv 

1 


100 


6-24 


4 




17 


Ha tby lie apDl«mlU 


1-30 


6-30 


5 





66 


Httbyl Atroplo* 


2-20 


6-48 


8 





15 


302, 36 S 


3-4 


6-24 


10 


1 


10 


Atroploe+beiuctyxla* 


{100*20) 


4-10 


ID 


1 


5 



*FotiDcy la «ipr«»td^lii t«r«i of p«rlphiral (BydrlaiiSt drrD'sa of vautri, etc.) and i^cDtral 
lurvoua aytrea (CUS) tfftcta. Tha lactar Invelva coofiuloOi tiallkLclndtlaoa » aemary Icae, aad 
dallriuB. Drug! are avaluatad nlatlvt to BZ. 
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Figure g-2 CorrtlttlQn of binding affinity of various centrally accive 
Antichollnerglcfl to tbelT behavioral disturbance Index (BDI). Binding 
■fflolty 1b ueasured by ICi, the drug coru;«ritrAtlan producing ^OZ 
Inhibition of l^U] qulnndldln^l bBOElIatc binding to brsln-membrane 
prepar«tloas. BDI ■ compoalte Indtx of behavioral roeaaLirementfi In 
various anlioals as a measure of paychotroplc potency- Data adapted front 
toujagald £C >1. (20> * 
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